Introduction
Gastric cancer (GC) is a common malignant tumor with the fourth-highest incidence, and is the third leading cause of death worldwide 1 . According to high-quality data from the National Central Cancer Registry of China, an estimated 697,100 new gastric cancer cases and 498,000
gastric cancer deaths occurred in China in 2015 2 . Although the treatment of GC has improved over time, mortality remains high 3 . Cancer is widely regarded as a genetic disease, and GC is no exception. However, the molecular and genetic basis of gastric carcinogenesis has not been clearly elucidated. The prognosis of gastric cancer remains poor, in part due to an incomplete understanding of the molecular mechanisms of GC development and progression. Therefore, it is critical to identify new biomarkers and therapeutic targets to improve GC diagnosis and ACCEPTED MANUSCRIPT ACCEPTED MANUSCRIPT 6 miRNA sponges 6 and regulators of RNA binding protein (RBP) to modulate the expression of protein-encoding genes 7 . Some circRNAs even encode peptides 8 . It stands to reason, then, that circRNA disorders influence the development of various human diseases, including cancer 9, 10 . It is important to observe that the unique structure of circRNAs causes them to be insensitive to ribonucleases. Thus, unlike linear RNAs, circRNA molecules can exist in tissues, serum, and urine. Owing to this characteristic, there is tremendous possibility for circRNAs to serve as biomarkers for human cancer 11 .
The role of circRNAs as molecular markers or potential targets may provide promising application perspectives, such as early tumor diagnosis, therapeutic evaluation, prognosis prediction, and even gene therapy. Several recent studies identified circRNAs that are dysregulated in GC and might be involved in cancer progression 12 . Hsa_circ_0001649 was downregulated in GC tissue compared with their paired normal tissues and correlated significantly with pathological differentiation 13 . Hsa_circ_0000190 was downregulated in both GC tissues and plasma samples from patients with GC. Its expression levels correlated significantly with tumor diameter, lymphatic metastasis, distal metastasis, TNM stage, and CA19-9 levels. It might be a novel non-invasive biomarker for GC diagnosis 14 Importantly, a growing number of studies have demonstrated that circRNAs are closely associated with disease and may play a significant role in the pathogenesis and diagnosis of disease. However, the characterization and function of circRNAs in human cancer remain largely unknown. Therefore, further study of the mechanisms of interactions between circRNAs and gastric cancer is warranted.
In this study, we investigated various expression profiles of circRNAs and mRNAs between GC tissue and paired noncancerous mucosa tissues with the CapitalBio Technology Human circRNA and mRNA Microarray. We identified a small number of circRNAs that are up-or downregulated in GC tissues compared with normal gastric mucosa tissues. These circRNAs may exhibit an important function in GC and malignancy development and progression. We initially identified three new circRNAs involved in the process of GC development and proposed that these three circRNAs could be used as potential targets in GC therapy. and Deepbase. To study these microarray data and to re-discover potential biomarkers not yet mined completely, more stringent filtering criteria were used (raw data > 100, fold change > 4, P < 0.05) 17 . We identified two hundreds and four circRNAs that were differentially-expressed in gastric cancer tissues versus adjacent normal tissues. Seventy-one of these circRNAs were upregulated, and one hundred thirty-three were downregulated, in GC tissues. One hundred sixty-nine mRNAs were differentially-expressed in GC tissues versus paired adjacent normal tissues.
Co-expression network to predict critical circRNAs in GC tissues
To date, the functions of most circRNAs have not been determined. Therefore, we built a gene co-expression network according to the degree of correlation, in order to predict the critical circRNA in GC tissues 18, 19 . The structures of the co-expression networks were constructed according to the normalized signal intensities of circRNAs and mRNAs. There are 204 circRNAs and 169 mRNAs in the network analysis. In co-expression networks, each gene corresponds to a node, and 2 genes are connected by a string, indicating a tight correlation between those genes and a potential regulatory relationship ( Figure. 2). The co-expression network showed that one 
Localization of circRNAs in human GC cells and relative expression of circRNAs and parental genes mRNAs in tissues
We posited that circRNAs that interact with more mRNAs targets play more significant roles in the general circRNA-mRNA network than do those that interact with fewer targets.
Based on this hypothesis, we designed a step-wise strategy to optimize potential candidate circRNAs. To validate the circRNA microarray and co-expression prediction results, we optimized our parameters to select circRNAs with a microarray raw signal intensity greater than 400 and degree values greater than 20 (Top Degrees = 41). We suggest that the circular RNAs hsa_circ_0047905 (circRNA0047905), hsa_circ_0138960 (circRNA0138960) and hascircRNA7690-15 (circRNA7690-15) ( Table 1) To validate the correlation between parental gene linear transcripts (mRNAs) and their circular transcripts (circRNAs), we examined the expression of SERPINB5 and GDA mRNA in 31 pairs of GC tissues and noncancerous tissues. We found that SERPINB5 mRNA was significantly upregulated in GC specimens compared with noncancerous tissues (*P < 0.05). We saw a similar trend for circRNA0047905, but GDA mRNA was not upregulated in GC specimens (P > 0.05, Figure 4B ). We observed a significantly positive correlation between circRNA0047905 and SERPINB5 mRNA in GC tissues (Spearman's correlation, r = 0.7388, *p < 0.0001). We also observed this phenomenon between circRNA0138960 and GDA mRNA (Spearman's correlation, in GC tissues, r = 0.8618, *p < 0.0001). By contrast, there was no positive correlation between circRNA7690-15 and GDA mRNA (Spearman's correlation, in GC tissues, r = 0.03653, p > 0.05, Figure 4C ). 
Correlation between circRNA and parental gene mRNA in AGS GC cells

Diagnostic value of circRNA0047905, circRNA0138960 and circRNA7690-15
We further evaluated the diagnostic value of these three circRNAs for GC by plotting a receiver operating characteristic curve ( Figure 7 ). We found that circRNA0047905 had the 
Discussion
Via high-throughput RNA sequencing and bioinformatics analysis, circRNAs have now been recognized as a large species of RNAs with thousands of identified sequences in animal cells [20] [21] [22] . CircRNAs often show developmental stage-specific and tissue-specific expression;
thus, differentially expressed circRNAs in a wide range of cancers may play important roles in cancer initiation and progression 23 . In this study, we performed a microarray assay to explore the aberrant expression profile of circRNAs and mRNAs in GC tissue compared with that of paired noncancerous mucosal tissue. Many circRNAs were significantly differently-expressed, [25] [26] [27] [28] . SERPINB5 may play an important role in the progression and metastasis of gastric adenocarcinoma by acting as an oncogene through its interaction with KHDRBS3 and FBXO32 [25] [26] [27] [28] . In our study, we observed a significant positive correlation between circRNA0047905 and SERPINB5 mRNA in GC tissues.
circRNA0047905 had the highest diagnostic accuracy with an area under the curve (AUC) of 0.85 (95% CI: 0.751-0.950). It may prove to be a promising biomarker in GC diagnosis. Further investigations will be required to determine the mechanism, and the clinical significance, of higher SERPINB5 and circRNA0047905 expression in gastric cancer.
Recently, an argument has been raised that only very limited numbers of circRNAs (possibly only a handful) act as microRNA sponges 29, 30 . The specific RNA-RNA interaction between circRNAs and mRNAs might be one of the central themes underlying the functional mechanism of circRNAs 30, 31 . According to our results, we speculate that circRNA0047905, circRNA0138960and circRNA7690-15 might modulate expression of their parental genes transcriptionally. The functions and related mechanisms of circRNAs may be rather diverse;
therefore, further studies should be performed to rigorously explore the physiological roles of circRNAs. This study examined co-expression networks between circRNAs and mRNAs, leading us to find critical certain circRNAs in GC. circRNA0047905, circRNA0138960 and circRNA7690-15
Conclusion
were found to be candidate oncogenes in GC. As a promising biomarker in GC tissues, circRNA0047905 had the highest diagnostic accuracy in the current study. We observed a significantly positive correlation between circRNA0047905 and SERPINB5 mRNAs. This phenomenon also existed between circRNA0138960 and GDA mRNA. Finally, our results suggested that circRNA0047905, circRNA0138960 and circRNA7690-15 promote AGS cell proliferation and invasion in vitro.
Materials and methods
Patient samples
Thirty-one GC tissue and paired adjacent noncancerous mucosal tissue samples were obtained from the Department of General Surgery, Peking University Peoples' Hospital. The samples were immediately snap-frozen in liquid nitrogen after resection and were stored at -80° C until RNA extraction. The diagnosis of GC was confirmed pathologically. Five pairs of samples were used for microarray analysis, and thirty-one pairs were used for qRT-PCR validation. All patients provided written informed consent prior to sample collection. The study was approved by the local Research Ethics Committee of Peking University. 
Cell lines and cell culture
The human GC cell line AGS was purchased from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China). It was tested and authenticated for genotypes by DNA fingerprinting. The cell line was passaged for fewer than 6 months after reconstitution. AGS was cultured in RPMI1640 medium supplemented with 10% fetal bovine serum (FBS) (all from Thermo Fisher, USA) at 37° C with 5% CO 2 .
RNA extraction and purification
Total RNA was extracted from tissue samples using Trizol reagent (Invitrogen, USA) and was purified using the mirVana miRNA Isolation Kit (Ambion, Austin, TX, USA) according to the manufacturer's protocol. The purity and concentration of RNA were determined from OD260/280 readings using a spectrophotometer (Nano-Drop ND-1000). RNA integrity was determined by 1% formaldehyde denaturing gel electrophoresis.
CircRNA and mRNA microarray expression profiling
Microarray profiling was conducted in the laboratory of Capitalbio Technology Corporation in Beijing, China. Sample labeling, microarray hybridization and washing were performed according to manufacturer's standard protocols. Briefly, each purified RNA sample was transcribed to double-strand cDNA, and was then synthesized into cRNA and labeled with Cy3- 
Co-expression network
Gene co-expression networks were built according to the normalized signal intensity of specific expression genes. For each pair of genes, we calculated the Pearson correlation and chose the significant correlation pairs to construct the network 32 . Within the network analysis, degree centrality is the simplest and most important measure of the centrality of a gene within a network that determines relative importance. Degree centrality is defined as the number of links one node has to the other. To study some properties of the networks, k-cores in graph theory were introduced as a method of simplifying graph topology analysis. A k-core of a network is a subnetwork in which all nodes are connected to at least k other genes in the subnetwork 33 . The 
Quantitative real-time reverse transcription polymerase chain reaction (qRT-PCR)
Reverse transcription was performed using a reverse transcription kit (Invitrogen, USA).
The expression of circRNAs and mRNAs was measured by qRT-PCR using the iTaq™ Universal SYBR® Green Supermix (Bio-Rad, USA) in the CFX96 Real-Time PCT Detection System (Bio-Rad, Hercules, CA). The primer sequences are displayed in Table 3 . Human β-Actin RNA was amplified as an internal control for circRNAs and mRNAs. circRNA and mRNA expression levels were calculated according to the 2 -△△Ct method.
RNA fluorescence in situ hybridization (RNA FISH)
Circular RNAs FISH probes were synthesized by Ribo Bio Technology Co Ltd (Guangzhou, China). FISH was performed with the FISH kit according to the manufacturer's protocol. Cells were fixed with 4% paraformaldehyde for 10 min at room temperature, then permeabilized in PBS with 0.5% TritonX-100 on ice for 5 min. This was followed by pretreatment with pre- 
Generation of knockdown cell lines
Small interfering RNAs (siRNAs) were synthesized by Ribo Bio Technology Co Ltd 
Cell proliferation assay
Cells (~2,500) were seeded onto 96-well plates and were incubated at 37° C after transfection. After incubation for 1 to 6 days, 10 μl of CCK8 solution was added each well, and the plates continued to be incubated for another 1.5 h at 37℃. Absorbance was measured at 450 nm using a microplate reader (Bio-Rad). The CCK8 assay was repeated three times in triplicate. The Matrigel invasion chamber was used to assess cell invasion ability (24-well plates, 8-mm pore size; Corning). Briefly, cells were seeded in the upper chamber with media containing 0.1% bovine serum albumin, while media containing 30% FBS were placed in the lower well.
Matrigel invasion assay
After incubation for 48 h at 37° C, the non-invading cells were removed with cotton swabs.
Invasive cells at the bottom of the membrane were fixed with 1% formalin, stained with 0.1% crystal violet and counted under microscopic vision. Invasion detection was repeated three times in duplicate.
Western blot analysis
Total protein from the cells was extracted using cell lysis buffer with proteinase inhibitors The following day, the membranes were treated with secondary antibodies. The band signals were visualized through enhanced chemiluminescence (ECL; Pierce, Rockford, IL, USA) after exposure to a ChemiDoc TM XRSC system (Bio-Rad).
